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P I O 2 M 3 AL TR RS AR SCAr T T OH IR
HR S N 2 LA T S 0 AR DR T B ML 1 RLIE
05 HELJR 53 28 LT A 58 1) 52 il R 4 Jigp 38 e TR I
T AT PR B 22 A6 DLR D 27 J0 A 18 A f2 T AR HL Y
IR ZF AT R e R AR R A S SRR SR —E Y
FEE A

1 #MREFE

11 K&
iR 56 HH B 8 (Ctenopharyngodon idellus) W B
el RK2FoK p= SE M, o PRl R R AS A — 2L

Wi H BT 2011-04-28

XEktRIRAS A

XEHS  1000-2421(2012)01-0106-06
5 360 &, BEAL A A 4 41, Horp T 4 X B 4l
TV IVAH Rl Fd R 3 AP, 312
AN KBRS (H60 cm X P80 em) » B A4S K 5 48 i 37 30
R ARG TR (34, 2611, 02) g,
12 K EM

SEHFT I (Bacillus spp. )50 & H 5t i iE, b
T AE S = Ay B R AE , WA R BEIE SR T
ENEW g
1.3 KA

P25 DR L 285 FE A S AR A R TR
FHLBFE R E AR N 1.5 mm B TR 4R R}, 40 C 4L F
RO BLAl HRR C T 41D . 38 2o Wi A i i Oy =X, fiff
TR Ay S E AT R 1 X108 CI #H) .3 X108 (Il
) .5X10° cfu/gCINV 41>, FEfil H KB 77 M8 57K
FULER 1, By YA ORI T A W B
Jg4EE R A 3500 000 TU 44 &K D, 500 000 1U,
4% B, 5 000 mg 4E4EE B, 10 000 mg, 4k fE &R
Bs 5 000 mg. 4E4E % By, 25 mg. 44 % C 50 000
mg ., 44 E 35 000 mg 4E4E H 300 mg HiA &
K, 4 000 mg.JE 5/ 50 000 mg.M R 2 000 mg.iZ
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% 20 000 mg. JLEE 150 000 mg, /K<<10% , &k N
KB TC AL ER TR R0 7 o 4% W o B R (g/kg)
BE 22,051 1.0.4% 5.0,f 0. 06.%k 32.0,44 0.06,
BE 8. 0,ifi 0.02,7K<<10% L AR K b A1 K3 .

1 EHMBARARKRERKE
Table 1 Composition and nutrient contents of the basic diet
% /% H IR T/ %
Ingredients Content Nutrition Content
i 10.0 HEA . 31.73
Soybean meal Crude protein
i H HLAR Wi
18.0 5. 30
Fish meal Crude lipid 7
v $H e 4
bk 10.0 AR5 6.91
a-starch Crude ash
INE Ry Ko
) 22.0 9.38
Wheat flour Moisture
S
34.0
Rapeseed meal
YA 2 TR 1.0
Vitamin premix ’
TCHL AR TR 541 10
Mineral premix ’
E Kl Corn oil 2.5
AL R 1o
Choline choride ’
AL A Cra Oy 0.5

14 AFEEE

I8 7E 5 P I A IO K R e S 4 1 SR R
GirpE AT, HARTT R 3% ~5% F4AH 0900,
16:00 PR A s 5 MR, Bl #4211 A 8 4 5 W L %2
WSS 1 h W BR Ak .l 5 A K P 6~ 8
mg/ L, K 25~28 °C ik 5 A K 60 d,
1.5 RIWEHENUE

WK AR 30 d J5 , FFIR7E B R 2 h )5
WA S W AR B FH 455 0 455 A S RS 6, B 18 4%
R At A AR S AT RE 56 I S A T
FRIL, 60 CHET 4 CLAAE, FREI T4 o ML .
FELIR 7 FIOREL K 3 R WAIH A% . Horp, 7K o9 R ] L 4%
TR R BRI E AU R D R &R TG
PEVEI ZE K 532K H S # K B i  72 , Cr, O, &
R R WA 6 BE i (T AS-986) K I 40 A vk
WE

BRI RMWBE MR =[1— (F./S) X (S,/
F.)1X100%:

TYREMHER=[1—(F./S.)]X100%

F. B Cr, Oy B &1 S, 38 Cr, O, 19
S FL AR E SR S A S, 2 SR
B .

1.6 HWEEEENE
D REMS . 20 TR 55 30 KA
60 REUREBURE T4 6 h J5dk47 ., B A KA
F U3 B A, T UkE: AR P oy B ET L S
FIUTF IR . S BR A i 4 20,4 °C 2B F K vh vk . g 4%
WK 43 — 20 CORAE , FH T 7 T8 AL i T 1

2) il A B . K W 1 BRI SE m/V R s 10
BB IN A 4 °C = 28K vk 51 9% . 78 4 °C UKAE i
BARW 2 h 5, 4°C.11 000 r/min B .0>30 min,
B T AT T AT 0 A L 24 h I e R,

3 RE 7 . AR IS P SR R AR R 37 i
PR (UD E o1 g B i 41 2URE L 72 pH
7.5 F1 37 C AT .1 min /K B 8 TR A ) 1§
QIR pg/ (g« min) ], JE8Y G 2 R F € il i
) O T 7 o AR ) T RR A 5 00D T 5E L U K i
TN (UDE o1 g B4 20k S 7E pH 7.5 Al
37 CHAMFT 51 min KFVEH B H [ mg/(g » min) ],
B U7 0 R FH 2R 2 M I MRS oty 2L Ak WK i v L B i
il 1 PE P (UD a2 a1 g B 2 8UBE fh 7E pHL 7. 5
40 “CHAFT 1 min KA W5 BT 7= A= 14 B 105 B2
[pg/ (g« min) ],
1.7 BiEFITS5SH

1856 B8 3 S 2 (E £ bR HE R (mean £ SE) %
/R R SPSS16. 0 48 i #1474 % 38 W01 1k 26 F i 4k
i 3% ME B PE 7E B &R 7 2 43 B Cone-way-ANO-
VA, #4182 5 5 3, W Duncan’s £ & L,
K PR 0. 05, X 246 AT B 7R i e 0 43 0
] 38 B VB FHAE S &R J5 2% 20 B (two-way-
ANOVA) % ZE AR TR 9 98 - R 28 08 3 1k 2% 1) 4%
T bR AT 18005 4347

2 ER55MH

FANENEEERYRRVWELENZMNE

ZEAFT TR AT LAY e 2 R X T B R
FHAE D K 23 9 R LT A . S0 IR e, [T 4l
A 2H 9 o LR 1 KRR 07 3% WL Ak 28 1438 W 3
265 (P<<0.05), Zr il $& 17 19. 4420 F1 12. 0120,
7.06% 1 3.33% .12, 18 % il 8. 6 % , H JK 43 & VLI
RN D HBE R EZES (P<<0.05), #mT
12.91% . IVAUHLER 1 ORLAR 107 35 0038 1k 26 14 ) 2y
TFXFHRZH (P<<0. 05) , 40 4 = T 2. 78 V6 F16. 43 %0 5
T4 J5T FIOREL R 53 2 WL Ak 238 L X BRZH A B I e o {EL
ZRARE, WA AT R & S R
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Table 2 Effect of Bacillus spp. on the apparent digestibility coefficients of grass carp %

I H T¥ HEN HLAR Wi MK 53

Ttems Dry matter Crude protein Crude lipid Crude ash
21 Group [ 68.2541.82 ¢ 84.6140.04 d 79.9641.25 ¢ 74.1340.96 b
I Group Il 81.5241.07 a 90.5840.02 a 89.70+1.18 a 83.7040.35 a
I Group [l 76.45+1.39 b 87.4340.05 b 86.8440.56 ab 75.75+0.36 b
HIN Group IV 69.831+0.89 ¢ 86.96+£0.09 ¢ 85.104+1.98 b 75.5940.71 b
A I i y=70. 694+ y=284.607+ y=81. 544+ y=T4.133+
The best goodness of fit curve equation 7.883x—1. 6482 8.485xr—2.51527 6.57x—1.382x? 14.086x—4.516x?
FFHEH R? Related index R? 0.595 0.999 0.626 0. 957
P 1{H P value 0.017 0. 000 0.032 0. 000

1) [A] — 20 B P b V8 A ) b 2R 22 5 3% (P<<0. 05), FIAl, The same column data with different letters are significantly different

(P<C0. 05). The same as below.
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Table 3 Change on protease activity of grass carp after ingestion of Bacillus spp.

pg/ (g * min)

o H T 7] =17 JH I IE
Items Fore-gut Mid-gut Hind-gut Hepatopancreas
130 423.16+£39.92 a 265.18+8.76 ¢ 452.51+11.89 ab 143.4041.99 d
130 417.52+21.03 a 308.3647.47 a 475,19+ 6.60 a 183.2143.42 ab
3o 429.06+£14.26 a 314.164+2.85 a 454.55+11. 85 ab 187.7342.51 a
2H 5+ B ) /d V30 421.92+11.09 a 306.07+5.31 ab 417.78+ 6.82 ¢ 183.1442.61 ab
Groupstime 1 60 442.76+37.69 a 290.0841.96 b 416,57+ 3.28 ¢ 142.7444.59 d
6o 448.43+30.22 a 319.7143.65 a 442.70+ 8.39 abc 173.2744.37 be
lreo 436.45+33.17 a 303.46+2.59 ab 433.97£14. 67 be 171.424+1.49 ¢
V60 457.29+ 7.39 a 302.8246.04 ab 436.01+13.38 be 149.1143.07 d

WEF (P E)

Two-way analysis(P value)
ZEHFT IR i Dosages of Bacillus spp.
LWL A] Feeding time
ZF A B 0 < SRR ]

Dosages of Bacillus spp. X feeding time

0.992
0. 240

0. 955

0. 000
0.160

0.020

0.037
0.211

0.067

0. 000
0. 000

0.001

DT XEA TV ZE AT R RN 4 38 1< 108

L3X 108 .5X 108 cfu/g MR E 2 ,30.60 R MR (D, FZME. I :Con-

trol; I, 1,1V : Treatments supplemented with 1X10%,3X108%,5X 108 cfu/g Bacillus spp. respectively. 30,60 were feeding time

(d). The same as following tables.
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Table 4 Change on amylase activity of grass carp after ingestion of Bacillus spp. mg/ (g * min)
I H Hi 1 7] =171 ST I T
Items Fore-gut Mid-gut Hind-gut Hepatopancreas
130 144.86+1.38 ¢ 304.264+3.74 b 454.26+1.92 b 458.51+2. 66 abc
130 149.2940.99 a 317.0242.46 a 468.62+2.32 a 467.02+1.92 a
3o 148.76+1. 24 ab 312.0640.71 ab 461.17+1.84 ab 453.19+4. 02 bed
oL 5]+ i el /d V30 147.34+0. 31 abe 312, 4140.35 ab 458.5147.39 ab 463.8345.32 ab
Groups+time 160 143.79+1.16 ¢ 304.9644.53 b 452.13+1.06 b 441.49+2.13d
160 148.7640.47 ab 312.4140.94 ab 469.68+1.41 a 448.40+4.22 cd
[meo 145.0441. 24 be 312.414+1.42 ab 462.77+2. 44 ab 448.404+0. 00 cd
V60 144.33+1.75 ¢ 309.224+2.33 ab 453.19+4,02 b 451. 6045, 60 cd
WEF (P E)
Two-way analysis(P value)
ZEHUFF I IS I Dosages of Bacillus spp. 0.007 0.006 0.001 0.085
PEME ] Feeding time 0. 201 0.352 0.625 0. 000
i T AN R X B s [
Dosagzzf[*;amfgljii}p.%ﬂzejiljg time 0-475 0650 0. 724 0.275
RS ERFEFEEEEEHEEENTH
Table 5 Change on lipase activity of grass carp after ingestion of Bacillus spp. pg/(g * min)
It H 7] a7 =171 ST J T
Items Fore-gut Mid-gut Hind-gut Hepatopancreas
130 235.42+3.92 a 326.97+7.28 ab 204,03+ 2.27d 299.50+13. 84 ab
130 252.42+4.72 a 345.2845.99 a 270.734+14.15 a 299. 504 6.92 ab
30 247.19+7.85 a 343.9749.16 a 238.03% 4.72 be 312.584 3.46 ab
21 90+ Bt 1] /d V30 240.65+2.62 a 334.814+5.70 a 241.96410. 21 be 300. 814 6.92 ab
Groupstime 1 60 238.03+5.70 a 309.974+4.53 b 210.574+ 7.96 d 303.434 5.70 ab
6o 251.11+3.92 a 326.9743.46 ab 257.65+ 3.46 ab 320.43+ 2.62 a
60 241.96+5.70 a 337.434+8.17 a 240. 65+ 7.28 be 303. 434 6.54 ab
V60 239.34+9.87 a 326.97+1.31 ab 218. 41+ 6.92 cd 282.50+16.34 b
WEF (P E)
Two-way analysis(P value)
ZEFAT B N Dosages of Bacillus spp. 0.107 0.014 0. 000 0.211
WS ] Feeding time 0. 760 0.053 0.241 0.919
A AT IR0 B BLIRAS F] 0.932 0.698 0.243 0.189

Dosages of Bacillus spp. X feeding time

ZF ST B8N 0 Xk v o M i 0 T 9 X A
SR BRI ) K A 2 AR O L o
1 J i 60 R A i 0 Tl 05 41 49 G {8 5 5 0

3 i #

31 FHANENEAEFRYRRWHEHLENZ I
XU 45 A S 7 4L B R R} b R 200 A1 300
mg/kg A ZFE MAT B (B. licheniformis) , T ¥) i,

HLEE R AL A B0 AL il f v 1 6. 7200 A

7.08%.5. 6100 M1 4. 42% . T RAEF BRI AR R
WL ARDR AR N 1. 0 X 10" ofu/kg 14 38E 45 28 #0 kF 14
(B. coagulans) g i 2 {2 ¥ )¢ % 3E f i) A= K R im
RS FRY R AIN . Lin 2850 78 FLgh i xF 0F H o e
TN 1X10° ~5X10%cfu/g 2EAMIAT IR . B E 2 T
T AR B R IR IR ) R AR
oSS A A TRk v R N AN [ K- 1 2F TR R TR A
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A TE 2R B L ZF AR AT AR K™ s Ak
il 375 P S You S ALE FLAIE XTI B AR 0.3 %6 3
TEFFEE L 2RSS 42 KRG 56 Kl g 3 2 5 0
(18 IR U 00 A3 i LG 0 AR AEE Y RGE, BB
AN 0. 100 % A2 T ol A B AT B B. subrilis A
04T B R W RER AR ZE AT B B. thermosphaericus
VR AT O F RS 80 AR 7 i ( Fugu obscurus) %14 g 18
TE G R AR, Liu ST AE NN SR H AR
U 10° cfu/kg M ¥ ZE AT I E20, 88 7 d W
TR S PR 232, 77 %, AIRER 45 R KW, 2
FELAT B NS S A [ — o 3 A Tl VRS W R T L P LR
AT I JIEEA [, % 5 €2 99 1k 3 ¢ ) — 2H ZUAS [) o 26
TH AL BTG PE R WA [ 55000 BEAH L, H R R s
— T WY ZF AR AT T AT A TE A B L 3 A
TH AT P L W VE Ay T R I 017 Tk B I IR UE 2R 1 Tl
TG PR SR U T KR R S 2 AT S R
o e i AR e JUE 25 11 3 M L i L b b AU B
Tt 5% v 1 RIS 1 A U7 T A 2 R

WIS ZE R BRI 1 X 10° ~3X10° cfu/g %
FELFT T 5 £ Jigp T8 R JET IR U 31 e B 3 T O e
AN 52X 10° cfu/g ZF T T8 B £ 17 38 AT e JUE 3 1k
it 35 A DUER T 7 AELATS o T % R, X/ ) A
T 5 B A 0 7 5 it AR R 43 SIS 0. 196.,0. 2%
0.4 % ZFAMFTH L 3 60 d 5, 45 41 il L AT I E 25
T 3% A R T T i U 9 ey e 9 A A B S R
IR AE S o T A T A I 2 6L AT B S 0 1 3
b T3 TR I AR AR AR — E KT 3 T AR
Sy A IR BT S N 2 AT T AT 51 R 1 3 A
I JEE ) RO O o AR S M RO N T I M T

TR DN DR R TR O 2 B0 2 AT R T A
T o 18 A 25 A, S BU IE N R LB R L OF
T J 38 BUR 2 i A 7= L A AT RE RS Rt AL AR
U T P R PN YR 1 43I BE A VR ]
AR HE I T ) 35 P T 46 B T B 3, 4R R FRAT T e A
7 A 2 SR T A I RS R
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Dietary supplement of Bacillus spp. affected apparent digestibility,
digestive enzyme activity of Ctenopharyngodon idellus

QU Yi WU Zhi-xin YANG Li PENG Xiao-yun
YUAN Juan BI Peng LIU Hong CHEN Xiao-xuan

College of Fisheries , Huazhong Agricultural University ,Wuhan 430070,China

Abstract Ctenopharyngodon idellus were fed with basal diet supplemented with 0 ( I ),1X 10°
(I),3X10°CM),5X10°% cfu/g(IN) Bacillus spp. respectively for 30 days. Feces was collected to detect
apparent digestibility of feed nutrients. The apparent digestibility of dry matter,crude protein and crude
lipid in T group was significantly lower than the other treatment groups (P<C0. 05). Quadratic curve e-
quation was the best to fit the relationship between dosages of Bacillus spp. and apparent digestibility of
nutrients. Protease activity of the mid-gut in [l group and the hepatopancreas inll , [l groups increased
significantly compared with [ group (P<C0. 05). Amylase activity of the fore-gut and hind-gut in Il
group increased significantly compared with [ group (P<C0. 05). Lipase activity of the hind-gut in Il , Il
group increased significantly compared with [ group (P<C0. 05). After feeding for 60 days, the similar
results appeared. Two-way analysis of variance showed that protease activity of the mid-gut, hind-gut
and the hepatopancreas,amylase activity of the fore-gut, mid-gut and hind-gut,lipase activity of the mid-
gut and hind-gut were all significantly affected by the additional doseages of Bacillus spp. (P<Z0. 05).
Protease activity and amylase activity of the hepatopancreas were significantly affected by feeding days
(P<C0.05).

Key words Ctenopharyngodon idellus; Bacillus spp.; apparent digestibility; protease activity;

amylase activity; lipase activity
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